INTRODUCTION
Liquid propeiiant rocket engines of ail types are generally designed by the engineer to deliver a fairly constant, steady thrust for a duration that may extend from several seconds to as much as an hour. However, in many cases, it Has been reported that the desired steady operation does not occur in actual test, and insteac a condition variously described as "rough burning", "chugging", "screaming" or simply unstable combustion may take place. Frequencies ranging from 10 cycles per second to as mucn as 5000 cycles per second have been observed in oscillographic chamber pressure traces, amplitudes from a few percent to as much as 50 percent of the mean chamber pressure, and in many cases, the oscillation was not truly periodic but seemea to be merely a series of random fluctuations. Not only is the resulting thrust vibration undesirable from the standpoint of possible damage to the structural elements or instruments in the venicle, but in extreme cases, failure of the power plant itself can occur. of the overall combustion process, and is determined therefore by the kinetic rates of mixing, vaporization, and chemical reaction. The argument was pursued to show that the instability could be suppressed by increasing the pressure drop across the injector. A numerical illustration of this argument may be helpful for an appreciation of the analysis below.
A particular rocket engine with a compressed gas type of feed sysi-~ in designed to operate with a chamber pressure of 300 psia. In the first case, assume tnat the feed pressure is 500 psia. Now suppose a momentary decrease in chamber pressure occurs after steady operation is achieved, the decrease being from 300 to 200 psia. Assuming a square-law pressure drop across the injector, and neglecting the inertia of the liquid in the feed line, the flow rate will increase by 23% above the design value and will subsequently (after the time lag mentioned above) produce a 23% increase in chamber pressure above tne design value, namely, 369 psia. The injector pressure drop is now only 131 psia, the corresponding flow rate is therefore reduced to 81% of the design value, and the chamber pressure will then fall (after the time lag), to 81% or 243 psia. The flow rate then increases again, and it is possible to continue the calculation in the same manner. In this case, after one cycle, it is apparent that the disturbance is decaying, the amplitude having decreased from 100 psia to 69 psia to 57 psia.
.Next, consider a second case in which the design chamber pressure is also 300 psia, but the feed pressure ia only 400 psia. If an arbitrary decrease of 100 psia is assumed as above, It appears from such crude considerations that the injector pressure drop is a controlling parameter. It will be seen below that this numerical conclusion can be generalized in the following statement: instability is not possible if the injector pressure drop exceeds one half the mean chamber pressure. However, it will be seen that tne converse is not always true.
That is, instability can be suppressed even when the injector drop is less tnan naif the chamber pressure.
Of course, even in its qualitative form, the theory suggests tnat instability can be elim- appearance of a vena-contracta in the injector orifice was first pointed out to the author by W. B. Powell 6 in 1942. The remedy for this type of instability lies clearly within the domain of the hydraulic engineer. The present theory is not concerned with such effects.
ANALYSIS
A schematic liquid propellant rocket system is shown in Figure 1 . It is assumed that the system is either a monopropellant type or, if a bipropellant or multipropellant system is under consideration, that the feed lines and injector orifices for the separate liquid reactants have identical hydraulic characteristics so that it behaves like a monopropellant system. Although it is possible to repeat the monopropellant analysis (below) ior the case of a multipropellant system, the additional complication is hardly worth while until the basic ideas are confirmed by experimental checks. The physical principles and the resulting rules for overcoming instability will be qualitatively the same for the bipropellant case.
At any instant during the oscillation, the rate of change of pressure in the combustion chambfer is governed by the difference between the rate of evolution of combustion gas and the rate of gas flow through the nozzle.
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In accordance with the fundamental hypotnesis of this theory, the rate of evolution of gas at a given instant is equal to the rate of flow of propellant at an instant r seconds earlier.
The effect of a changing chamber pressure on the flow of liquid propellant can be calculated by first setting up the general equation for the instantaneous flow rate with a specified difference between tank pressure and chamber pressure, and then differentiating this equation with respect to time. A convenient approach is to consider two control surfaces normal to the flow direction, one of area A^ in the propellant tank upstream of the inlet to the feed line, and the other of area A 9 at the exit of the injector orifice, and then equate the total energy (work plus kinetic energy) entering the first control surface in a time interval dt to the energy leaving the second control surface plus the change of kinetic energy of the liquid contained between the two control surfaces plus the energy dissipated in the sane time interval.
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Carrying out the differentiation, replacing v 1 and v 3 by v 2 through the continuity equation, the equation takes the following form: -¥-+ P(-l* + K) v 2 -1 + pl 7 -L = 0.
Equations (1) The condition for stability is that the coefficient (A-Or) shall be positive; this provides the same relation as equation (15) 
DISCUSSION OF RESULTS
Equations (15) 
